The complex l plane structure of the Virasoro model for "f}o"f}o elastic scattering is investigated in detail. Explicit expressions for the residue functions and the positions of their poles and zeros are given for both moving and fixed Regge . poles. Contrary to some statements in an earlier literature, it is shown that the poles of Regge residues do not show up as poles of the full signature amplitude and that they are not in conflict with unitarity. Besides, the fixed Regge poles are additive and not combined multiplicatively with moving Regge poles. §
The structure of the Virasoro model in the complex l plane has been discussed by several authors/) ..... 4 ) but there seem to remain some problems to be clarified. For instance, although it is taken for granted that the moving Re~ge poles are spaced by two units, there seems to be no explicit proof for this. Also the poles of Regge residues seem to have been confused with the fixed Regge poles and considered to be in possible conflict with unitarity.
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The purpose of this paper is to discuss the complex l plane structure of the Virasoro model for r/r/ scattering in detail. It is shown explicitly that the moving Regge poles are spaced by two units. It is emphasized that one should distinguish clearly the poles of Regge residues from the fixed Regge poles. First ( § 2), integral representations of the s-channel signature amplitudes are derived. Then ( § 3), we give general expressions for the residue functions both for moving and fixed Regge poles and show explicitly that the moving poles are spaced by two units. In § 4, we show that the residue function of the n-th "daughter" moving (fixed) Regge pole has poles when the trajectory function a (s) takes the value · · ·,
. not to show up as poles of the signature amplitude at all and are not in conflict with unitarity. It is also shown that the residue of every moving (fixed) pole has zeros at***) The Virasoro model for r/r/ elastic scattering is given by*l,ll
where a (s) is the f 0 -trajectory function. The amplitude A (s, t, u) satisfies a fixed s-dispersion relation and hence the signature partial wave amplitudes A± (l, s) can be defined in the usual way.
Integral representations of A± (l, s) are given by
where F(a, {3, r, x) and JHI/2 (y) are the hypergeometric function and the modified Bessel function, respectively. Equations (2) and (3) can be obtained in the following way. First, use the Froissart-Gribov formula, together with the absorptive amplitudes obtained from Eq. (1) which is a series of o functions corresponding to the poles of the T functions. Equation (3) follows immediately. The amplitude A+ (l, s) is obtained in a form of a series**l which can easily be summed by using the following integral representation for o~
Re Z>-1, Re z>1, 
T. Kawai
and the definition of the hypergeometric function, provided that
Thus we get Eq. (2). By making use of a transformation formula 5 > for the hypergeometric function, we can rewrite Eq. (2) in the following form:
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Functions G and H in Eq. (6) are defined by (ii) Asymptotic behaviour
G(o,l,y)=g(l,y)F(-ta(s)-to-t, -ta(s), -a(s),x),

l-I(o,l,y)==h(l,y)F(1+ta(s),ia(s) -to+t,a(s) +2,x),
It can easily be shown that the functions G and H vanish exponentially as y->oo under the conditions given in Table I . 
(iii) Symmetry properties
The following symmetry relations can be obtained by making use of Kummer's transformation of the hypergeometric function:
2 l plane structures of A± (l, s)
(12) (13)
In order to make the integrals m Eq. (6) convergent, assume first that the conditions listed in Table I , s) ). Then it follows from Eq. (6) that (7) "-' (11), (14) and (15), some of which are shown below:
)T(-ia(s) -io-t)T(-ia(s)) (18)
It is evident from Eq. (3) The amplitude A+ (l, s) given by Eq. (2). can be analytically continued into the region Res< 4m 71 2 by making use of a formula 7 l for the hypergeometric function and is shown to be regular in the region Re Z> Re a(s), Re s<4m,/ and JsJ<oo except for the branch points at s= -2(n+b)ja and at s={o+1-2(n+b)}/a (n=0,1,2,3,· .. ). Hence, the amplitude A+(l,s) does not have (l independent) s plane poles at all. It should be noted that the poles in the Regge residues are different from the fixed Regge poles. In Refs. 2) "--'4), Mandelstam, Sivers andY ellin seem to have confused these two kinds of poles and in consequence they have reached a wrong conclusion that the fixed Regge poles in the Virasoro model combine multiplicatively with moving poles and that the poles of the Regge residues may be in conflict with unitarity. As is seen from Eq. (6) and the discussion above, however, the fixed Regge poles are additive and do not combine multiplicatively with the moving Regge poles. The poles which might be in conflict with unitarity are not those of the residue functions, but of the fixed Regge poles.
By virtue of the poles in the Regge residues, the moving Regge poles give non-vanishing contribution to the scattering amplitude at high ene~gies even at wrong signature nonsense points, although the fixed Regge poles at these points *l All of these poles disappear when 8=0. This is expected, because in this case the Virasoro model is reduced to the Veneziano's which is known to be free of poles of that kind (see, for example, Ref. 6)).
.
do not contribute. Hence, the Virasoro model does not display dips at wrong signature nonsense points. As seen from Eqs. (14) and (15) The Veneziano model, on the other hand, displays dips at these points. This is an essential difference between the two models. This analysis can be extended in the Virasoro model for other kind of scattering. For nn elastic scattering, for example, it can easily be shown that the moving Regge poles are spaced by one unit for the isospin I= 2 channel and by two units for I= 0 and I= 1 channels, and that additive :fixed Regge poles are present at wrong signature nonsense points in every isospin channel. The structure of the Regge residues is also similar to that of r/r/ scattering.
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